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ABSTRACT 

The purpose of this study was to ccmpare hrain wave 
patterns produced by high and low grade point average students, while 
they were resting, solving probl^s, and subjected to stress 
situations. The study involved senior midshipmen at the Onited States 
Naval Academy. The high group was comprised of those whose cupulative 
grade point average was between 3*50 and 4«00. The low group was 
comprised of those whose grade point cumulative average was between 
2*00 and 2* 25* Instrumentation included a Grass model 79C 
electroencephalograph, analog/digital filters, digital clocks, 
digital counters, and an eight channel oscilloscope. Treatment means 
were evaluated using a repeated measures design and a simple analysis 
of variance. The following conclusions were reached: (1) There were 
differences in brain wave patterns, depending whether the subjects 
were resting, solving probl^ns, or under stress; and (2) The data did 
not support the hypothesis that high and low grade point average 
students would have differing brain wave patterns* several 
suggestions are made as to areas for future research, and 
implications of the study are discussed* (Author/LAA) 
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CHAPTER I 



INTRODUCriON 

* 

This study had two purposes. The first was to-determlne if brain 
wave production differed when college students shifted their attention 
from (a) resting with their eyes closed, to (b) solving of numerical and 
conceptual problems , to (c) being faced with stress producing situations 
and \Aether these differences were statistically significant. The second 
purpose was to determine Aether high grade point average students pro* 
duced statistically significant differences in their brain waves \AiIe 
resting, problem solving, and under stress, ^en compared to low grade 
point average students. 

The subjects were senior midshipmen at the United States Maval 
Academy. The high group vas comprised of those whose cuoulative grade 
point average for their first three years at the Academy was between 
3.50 and 4.00. The low group consisted of those \ibose cumulative grade 
point average for their first three years at the Academy was between 
2.00 and 2.25. 

SIGNIFICANCE OF PROBLEM 

Throu^ extensive research, development, and modification, edu- 
cators and psychologists have been able to d^elop a variety of test 
instruments \Aich are capable of measuring differences between high 
and low grade point average students. Ertl» in comenting on the 
sometimes Invalid use of IQ tests, however, has suggested that the 



potentxal for misintrrpretation of brain wave analyzed data vould be 
lesf than with exlrcing pencil and paper tests. The present study is 
an attempt to a-y to our knowledge of differences in brain wave produc- 
tion which ca 1 oe related to differences in academic achievement. The 

r'- 

basis of tb.f assumption is that cellular neurological differences may 
be a cont.'outor rather than a determiner of academic differences. 

HYPQIHESES TO BE RESEARCHED 

The first research hypothesis was that differing treatments 
(ti'sting} solving problems ^ or uncer stress) would produce significantly 
t'ifferent brain waves for all subjects. A sub-hypothesl-. was that dif- 
fering treatments produce significantly different thet.^ alpha, and beta 
brain wave patterns for all subjects. 

The second research hypothesis was that xde itlcal treritmer.ts 
applied to students who had high and low grade p>lnt averages would re- 
sult in the production of statistically signif .cant differences in their 
brain wave patterns. A sub-hypothesis was t tat students of high grade 
point average produce significantly different theta, alpha, and beta 
brain waves than do students of low grad^ point average. 

The differences measured were be related to the time in sec- 
onds that a particular brain wave (t leta or alpha or beta) reached or 
exceeded a 10 microvolt level durl ig a particular treatment. The dif- 
ferences measured were also to t i related to the number of times that a 

1 

William Tracy, "Goo Aye IQ, Hello EI (Ertl Index)," Phi Delta 
Ka££an, LIV (October, 1972* , 89-94. 



particular brain wave reached or exceeded a 10 microvolt level during a 
particular treatment. 

ASSUMPTIONS 

The researcher accepted certain basic assumpti - ding the 
nature and measurement of brain wave patterns in the uevelopment and 
carrying out of this study; 

(1) that measurements should be taken between scalp locations 
01 and T3 with reference to the Interrational Electrode Placement Sys- 
tem (the two points respectively near the back of the head and above the 
ear) ; 

(2) that measurements should be taken only when brain wave pro- 
duction is at or above 10 microvolts for each of the three frequency 
bands considered in this study, that is theta, alpha, and beta; 

(3) that frequency bands of 4 to 8 Hz (theta) , 8 to 13 Hz 
(alpha), and 13 to 30 Hz (beta) were appropriate for the study. 

LIMITATIONS 

The findings apply only to the particular groups studied, ;!nd 
generalization to all midshipmen at the United States Naval Academy 
and/or the general population would be premature until further verify- 
ing studies have been completed, 

A single resting period and throe problem solving treatments 
were used, each of three minutes duration. However, because two stress 
treatments were applied, each of one minute duration, the data recorded 



during these treatments were increased by a multiple of three so that 
equivalent data for each treatment could be compared. 

3 ^search design did not provide for varying the sequence of 
treatment application. The decision not to counterbalance was made to 
insure uniformity of treatment application and subject safety. 

PROCEDURES 

After the parameters and approaches of the study were determined » 
specifications were established for equipment configuration. The 
analog/digital filtering and recording system was specifically built 
for this study, and the latest solid state electroencephalograph was 
procured. 

Simultaneously with the establishment of the laboratory neces- 
sary to cjnduct this study volunteers were obtained and tested for 
electroencephalographic normalcy at the Bethesda Naval Hospital. Fol- 
lowing application of treatments to all subjects, the data was analyzed 
on computers at the University of Maryland and the U. S. Naval Academy. 

In order that the conclusions be logically and validly applied to 

the data obtained, care was taken in the design of this study to con- 

2 

sider factors relating to internal and external validity. The follow- 
ing procedural steps were employed: 

(1) All treatments were applied within a seventeen minute time 
frame and the subjects were not ♦:old the results of any treatment until 

2 

Donald T, Campbell and Julian C, Stanley, Handbook of Research 
on Teaching, ed. N. L. Gage (Chicago: Rand McNally, 1963), p. 171-246* 



after all subject testing had been completed, 

(2) Equipment was re-calibrated between measurements on each 
subject, 

DEFINITIONS 

To provide the reader with the researcher's frame of reference 
the standard terms and definitions used are presented below: 

Treatments — The recording of brain wave production measurements 
while the subject rests, solves algebraic problems, solves a three di- 
mensional conceptual problem, does cumulative number adding, and Is 
subjected to two kinds of stress-producing stimuli, 

M£ or Electroencephalograph -- A high gain amplifier capable of 
translating electrical signals produced by the brain into graphic rep- 
resentations, (The EEG used was modified by the addition of analog 
and digital filtering circuits so that the brain waves produced by the 
subjects could be converted Into discrete digital form,) 

Theta Wave Those brain wave frequencies between 4 and 8 Hz 
(cycles per second). 

Alpha Wave — Those brain wave frequencies between 8 and 13 Hz, 
Beta Wave — Those brain wave frequencies between 13 and 30 Hz, 
Muscle Artifacts — Voltages resulting from muscular activity. 
Sub-level — A condition when none of the three brain waves pro- 
duced by the subject were at or above the 10 microvolt level, (A 
fourth clock and separate counter tabulated the duration and extent of 
this state,) 



ORGANIZATION OF STUDY 

Chapter I provides the basic introduction to the study along with 
a discussion of the significance of the problem studied and a statement 
of the hypotheses to be researched. Included are presentations of the 
assumptions and- limitations of the study as well as the procedures and 
definitions employed. 

Chapter II deals with the development of brain wave measurements 
and brain wave analysis in educational research. 

Chapter III concerns itself with the methods and procedures used, 
including the design of the experiment. The subjects are described 
along with the design of the instrumentation and testing procedures. 
The manner of application of treatments and the recording of data are 
also Included in this chapter. * 

Chapter IV presents and analyzes the findings with respect to the 
three brain wave areas. 

Chapter V summarizes the results of the study and suggests areas 
for future research. 



CHAPTER II 

RELATED RESEARCH 

This chapter traces the development of brain wave measurement 
from its inception to the present. The history of relating brain waves 
to human behavior is less than fifty years old, and this chapter pre- 
sents some of the findings of researchers who have been trying to re- 
late neurological findings to observed behavior. 

DEVELOFMENT OF BRAIN WAVE MEASUREMENT 

The technique of measuring brain wave production dates back to 

the Nineteenth Century. "The first observations on electric potentials 

of the brain were reportt - in 1875 by Caton, who with nonpolarizable 

electrodes and a sensitive galvanometer, recorded currents from the 

exposed brains of monkeys and rabbits and described the variations of 

3 

these currents with sleep and approaching death." Strauss, Octow, and 
Greenstein in tracing the history of the development of brain wave 
measuring techniques note that "Beck, in 1890, with a galvanometer, 
first found continuous and spontaneous changes in cerebral potentials 
not due to any stimulation and independent of the respiratory and 

3 

H. Strauss, M. Ostow, and L. Greenstein, Diagnostic Electro- 
encephalography (New York, Grune & Stratton, 1952), p. 1. 



8 

4 

cardiac rhythms." On July 6, 1924, Berger made the first recording of 

a human electroencephalogram.^ In 1942 Cohn employed an optomechanical 

6 

instrument, the cycloscope, to study intracerebral wave patterns. By 
1947 Sonneman and Kennard had reported that they had been able to study 
by EEG analysis the temporal variability among simultaneously occurring 
events in the brain. ^ One of the first steps that was to lead to auto- 
matic brain wave analysis was the development in 1948 by Goodwin and 
Stein of a brain wave correlator which transformed the conventional EEG 

into square wave patterns independent of the wave form or amplitude 

g 

from different brain areas. 

In 1949 Cohn found that frequency regulation may fluctuate two 

and one-half hertz per second and still be within the normal range of 
9 

variation, while Lilly developed methods offering the possibility for 
both short time evaluation as well as long term avcragi'-g using display 
systems. These display systems "permit one to observe patterns of 
illumination by an array of lights over cn area, corresponding to the 



4 

ibid, p. 1. 

5 

ibid , p. 2. 

6 

Robert Cohn, "A Cycloscopic Study of the Human Electroenceph- 
alogram," Journal of General Physiology . 25 (March, 1942), 517-522. 

H. Sonneman and M. A. Kennard, "An Interphase Analyzer of the 
Electroencephalogram," Science, 105 (April, 1947), 437-438. 
8 

C. W. Goodwin and S. N. Stein, "A Brain Wave Correlator," 
Science, 108 (Noveznber, 1948), 507, 
9 

Robert Cohn, Clinical Electroencephalography (New York: 
McGraw-Hill Book Company, 1949), p. 20. 



movement of spreading peak voltages over a region of cortex. Burch, 
in 1959, developed tho forerunner of the brain wave measurement techni- 
que used In this study. This technique, known as "period analysis," 
views the EEG data in terms of time intervals between either base-line 
crossings or successive wave peaks. By 1965 Darrow and Hicks illus- 
trated the effect a small attention-getting alerting stimulus has on 
12 

the EEG. As of this writing, research in brain wave measurement is 

13 

being aided by the use of on-line computers. 



EEG RECORDING TECHNIQUES 

Milnarich points out that to record brain waves correctly it is 

necess_ary to maintain low electrical resistance between the scalp and 

electrodes, in order to provide a clear pathway from the brain to the 

14 

recording instrument. Milnarich also notes that recording artifacts 



10 

J. C. Lilly, "A Method of Recording the Moving Electrical Po- 
tential Gradient in the Brain: A 25-Channel Potential Field Recorder," 

Proceedin gs Second Annual Joint IRE-AIEE Conference on Electronic In- 
strumenta tion in Nucleonics and Medicine (New York, 1949). p. 37. 
11 

N. R. Burch, "Automatic Analysis of the Electroencephalogram: 
A Review and Classification of Systems, '^ Electroencephalography and 
Clinical Neurophysiology . 11 (November, 1959), 827-834. 
12 

C, W. Darrow and R. Hicks, "Interarea EEG Phase Relationships 
Following Sensory and Ideational Stimuli," Psychophvslologv , 1 (April. 

1965), 337-346. " 

13 

Peter J. Lang, "The On-Line Computer in Behavior Therapy 
Research," American Psychologist . 24 (March, 1969), 236-239. 
14 

Rhoda Feinstein Milnarich, A Manual for feEC Technicians 
(Boston: Little, Brown and Company, 1958), p. 63. 



may "interfere vith brain wave analysis, and identifies these artifacts 
as potentials which are recorded on the electroencephalogram but are 
derived from a source outside the brain. In addition to poor electrode 
contact, other sources of artifacts, are (1) nonsymmetrical electrode 
placement, (2) outside electrical. interference, (3) defects in appara- 
tus, (4) physiologic potentials arising from sources other than the 
brain, and (5) uncooperative patients. 

Strauss, Ostow, and Greenstein stress the importance of the 
subject being relaxed and they note that "apprehensiveness, emotional 
stress or excitement sharply depress the amount of alpha activity 

which is usually replaced by low voltage random frequency activity or 

16 

by fairly distinct fast activity." Milnarich also points out that 
"without the cooperation of the patient, an artifact^free record cannot 
be obtained. "^^ 

RELATIIJG BRAIN WAVES TO HUMAN BEHAVIOR 

This section will review efforts of selected researchers to 
establish a relationship between brain waves and human behavior. In 
1940 Knott found that the primary difficulty in relating brain waves 
to human behavior had to do with (1) records not being taken under 
conditions involving intellectual behavior, and (2) that \rtiile alpha 

15 

ibid , p. 69. 

16 

op.cit. , p. 25. 

17 

op. cit . , p. .42 



11 

activity can be looked at fairly carefully, that wasn't true of the 
18 

entire ££G record, 

Whiij* progress has been made over the years in relating EEG 
recordings to human behavior, the analysis of brain waves has not been 
without disagreement respecting the significance of the research find- 
ings. The remainder of tliis section will place in chronological 
perspective the doubt? as well as the accomplishments claimed, 

EEG record analysis had only been in existence a mere fifteen 
years when Linusley, in- 1944, indicated that there was little chance 
that a high degree of relationships would be found between EEG record- 
ings ana intelligence, IJosal, reporting on the research of Schwab, 

noted that as of 1950 it had been found that increments in slow wave 

. . 20 
activity were present during periods of mental effort. Contradictory 

interpretations of results achieved are pointed out by Nosal relative 

to the work of Ostow who maintained that, as of 1950, a relationship 

had not yet been found between EEG records snd intelligence,^^ 

In 1952, on the other hand, MacKay and McCulloch theorized that 

18 : 

John R, Knott, "The Physiological Correlates of Intelligence," 
in NSSE Thirty-Ninth Ye arbook. Part 1; Intelligence: Its Nature and 
Birture^^(Bloomington: Public School Publishers, 1940), Chapter 4. 

B. B, Lindsley, "Electroencephalography," in Personality and 
Behavior Disorders, ed, J, McV, Hunt (New York: Ronald Press, 1944). 
pp, 1033-1103, 
20 

Walter S, Nosal, A Primer for Counseling the College Male 
(Dubuque: Wm. C, Brown Book Company, 1968), p. 133, 
21 

ibid , p, 310, 



information is transmitted as a spike interval code. (As previously 

reported on page nine of this chapter, in 1959 Burch developed a means 

of measuring these spikes.) 

A 1956 analysis by Ellingson indicated his belief that little 

had been accomplished with respect to finding correlations between EEG 

23 

records and intelligence since the 1944 Lindsley review. . Yet a year 

later (1957), Mundy-Castle completed a study which indicates that new 

knowledge in the field was being gained: 

Our first finding was confirmation of the hypothesis that alpha 
frequency would be significantly correlated with Vocabulary. It 
was also significantly correlated with Verbal IQ, Practical IQ, 
and General IQ. The relevant conclusion for the present context 
is that the amount of alpha rhythm present in an EEG is in part 
related to the extent to which visual imagery is used during 
thought, and that persons who think predominately In visual 
images tend to possess "minus" type (low voltage, low index) 
alpha rhythms, whereas those who think predominately by verbal- 
motor imagery tend to possess "persistent" (medium to high 
voltage, high index) alpha rhythms. 

A major analysis of past research, by Vogel and Broverman in 
1964, of the relationship between EEG and test intelligence concluded 
that (1) "the bulk of the studies with feebleminded subjects, children, 
institutionalized geriatric subjects, and brain-injured adults have 
reported a significant EEG-test intelligence relationship," and (2) 



22 

D. M. MacKay and W. S. McCulloch, "The Limiting Information 
Capacity of a Neuronal Link," Bulletin of Mathematical Biophysics , 14 

(June, 1952), 127-135. 

23 

R. J. Ellingson, ''Brain Waves and Problems in Psychology," 
Psychologica l Bulletin . 53 (January, 1956), 1-34. 
24 

From Nosal, op.cit. , p. 131. 



13 

"investigators who have studied normal adults have not found significant 
relationships between test intelligence and EEG tracings;" however, (3) 
"in every case in which test intelligence has been found to be related 
to EEG frequencies, low intelligence was associated with slow alpha 
frequencies and the presence of the slower EEG rhythms (delta and theta). 
Conversely, higher levels of intelligence were found associated with 
the fast alpha frequencies and an absence of the slow delta and theta 
rhythms. "^^ 

Ellingson in his 1966 review of the Vogel and Broverman report 

agreed that "the weight of available evidence suggests that there is no 

26 

relationship in normal adults" between brain waves and intelligence. 

Ellingson did, however, disagree with another of their conclusions and he 

stated his belief that "the evidence concerning relationships between 

normal brainwave phenomena . and intelligence in children and in the 

27 

mentally retarded is contradictory and inconclusive." 

Ellingson further "confesses to a continuing pessimism about 

finding significant and important relationships between EEG phenomena 

28 

and complex behavioral processes," He further indicates that "if 
25 

William Vogel and Donald M. Broverman, "Relationship Between 
EEG and Test Intelligence: A Critical Review," Psychological Bulletin , 
62 (August, 1964), 132-144. 
26 

Robert J. Ellingson, "Relationship Between EEG and Test Intel- 
ligence: A Commentary," Psychological Bulletin , 65 (February, 1966), 96. 
27 

ibid , p. 96. 

28 

ibid , p. 96. 



14 

relationships between complex behavior and brain electrical activity are 

to be found it is more likely that they will be found by recording brain 

electrical activity during S-R sequences, than during rest and relaxa- 
29 

tion." On their part Vogel and Broverman, commenting on Ellingson^s 
review of their 1964 paper, conclude that Ellingson's commentary is 
based essentially upon mistakes of fact and faulty assessment of the 
data. 

In 1965, Sutton, Braren, Zubin, and John reported that "components 

of the AEP (average evoked potential) are most sensitive to changes in 

31 

stimulus parameters involving decision making." (This supports the 

theory reported on page eleven of this chapter, by MacKay and McCulloch, 

that "information is transmitted as a spike interval code.") The 1967 

findings of Roy, Herrington, and Sutton "suggest that the waveform of 

evoked responses i.j not determined solely by the set of peripheral 

receptors which is stimulated but it also reflects the perceptual 

32 

content of the stimulus." 



29 

ibid > p. 96. 

30 

William Vogel and Donald M. Broverman, "A Reply to "Relation- 
ship Between EEG and Test Intelligence: A Commentary," Psychological 
Bulletin , 65 (February, 1966), 99. 
31 

S. Sutton, M. Braren, J. Zubin, and E. R. John, "Evoked Poten- 
tial Correlates of Stimulus Uncertainty,'' Science, 150 (November. 1965) 
1187-1188. ' 
32 

E. Roy, R. N. Herrington, and Samuel Sutton, "Effects of 
Visual Form on the Evoked Response," Science . 155 (March, 1967) , 1439. 



From the mid-1960* s to this time, the preponderance of evidence 

suggests that correlated relationships have been found between EEG 

records and human behavior. One exception to this, is a report by 

Nosal in 1968 in which he reports finding no rignificant differences 

between college student "leaders" and "underachievers" with respect to 

33 

their alpha production. Since the finding did not fully parallel the 
results of this study. Dr. Nosal was contacted by phone during October 
1972 and the procedures used during the two studies were compared. The 
essential methodological difference had to do with the measurement of 
alpha production in the Nosal study being by "eye," while the measure- 
ments taken in this study were generated by analog/digital filter anal- 
ysis. An "eye" analysis of the EEG records in this study by an expe- 
rienced neurologist also failed to establish the significant differ* 
ences which can, in fact, be found by analog/digital filter analysis as 
was done in this research. 

In 1968 Bennett reported that a correlation coefficient of .593 
was found between the Wechsler adult intelligence scale and the domi- 
nant brain wave frequency of the individual, with dominant frequency 
increasing with IQ. He did note that "a correlation of unity with an 
IQ test could not be expected for this type of test, as the IQ test is 
intended to measure all aspects of intelligence. Including memory and 
environmental effects, whereas this work measures only the electrical 

33 ~ 
op^cit. , p. 175. 
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chc.racteriscics of the visual pathway.** 

Pribram has observed that "changes in EEG freqx-jncy relate more 

to the balance between cellular synchrony and desynchrony than to the 

specific inforaiation content of a signal. If recorded wich adquate 

resolution, they may indicate where the action is, but not what the 

action is all about, Pribram fur::her comments that "the most 

reliable sign of active neuronal processing of sensory information is 

differentiation and diversification of cellular firing patterns, as 

36 

expresseo by desynchronization of the EEG." Confirming the findings 

of Sutton, Braren, Zubin, and John discussed on page fourteen oZ this 

chapter Pribram observes that "in continued problem solving behavior, 

37 

increasingly complex patterns of neural events occur." 

Ertl has found correlations ranging from 0.30 to 0.50 between 

IQ test scores and parameters of the visual evoked potential which he 

reports in a 1969 study with a sample of 300 children whose mean age was 

38 

124 months with a range from 86 to 185 months. In regard to these 



34 

W. F. Bennett, "Human Perception: a Network Theory Approach," 
Nature . 220 (December, 1968), 1148. 
35 

K. H. Pribram, Brain and Behaviour 2 - Perception and Action 
(^Baltimore: Penguin Books Inc., 1969), p. 63. 
36 

ibid , p. 62 

37 

K. H. Pribram, Brain and Behaviour 4 - Adaptation (Baltimore: 
Penguin Books Inc., 1969), p. 167. 
38 

J. P. Ertl, "Evoked Potentials, Neural Efficiency, and IQ," in 
Biocvbemetics o f the Central Nervous System , ed. Lome D. Proctor 
(Boston: Little, Brown and Company, 1969), p. 427* 
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findings, the words of Mundy-Castle in a 1958 article seen appropriate. 

He points to the importance of using correct statistical procedures and 

observes, with respect to past studies where differences in results were 

found with reference to psychological correlates of ££G variability, 

that these differences may well have been partially due to sampling 
39 

influences . 

In 1969 Ertl reported that "the AEP*s of the high IQ subjects are 

more complex, characterized by high frequency components in the first 

100 milliseconds which are not observed in the AEP*s of the low IQ 

subjects. The ten high IQ subjects had a mean E3 (third sequential 

peak) latency of eighty-eight milliseconds while the low IQ subjects 

40 

had a mean E3 latency of 194 milliseconds." 
« 

In 1971 Ertl Indicated the complexity of brain wave analysis he 

felt would be necessary to achieve meaningful results: 

Components of th3 AEP correspond to neural events in the pro- 
cessing of infomation in the brain; the latency of these com- 
ponents is very stiable but their amplitude and spectral charac- 
teristics are not« Any analysis which depends on average chax- 
acteristics of the AEP over an interval of time may be hard to 
relate to human intelligence. Analyses which az-e based on 
ratios, relative to component amplitudes, peak latencies, the 
first and second derivatives of the AEP, and so forth, 'seem more 
promising, 



39 

A. C, Mundy-Castle, "Electrophysiological Correlates of 
Intelligence," Journal of Personality . 26 (March, 1958), 184-199. 
40 

John P. Ertl and Edward W. P. Schafer, "Brain Response 
Correlates of Psychometric Intelligence," Nature, 223 (July, 1969), 
422. 

41 

John P, Ertl, "Fourier Analysis of Evoked Potentials and 
Human Intelligence," Nature, 230 (April, 1971), 526. 



SUMMARY 



This chapter has reviewed the history of the development of 
brain wave measurements from its inception to the present use of 
computers, as well as the efforts to relate brain wave measurements to 
human behavior. Although the literature search conducted as part of 
this study did not find reports relating EEG data to achievement, it is 
known that such studies are being planned by the Langley Porter Neuro- 
psychiatric Research Institute. Though it is evident at this writing 
that researchers have decades and centuries of work ahead of them, 
enough has been learned already to justify further efforts. 

We do know how to detect the existence of electrochemical 
activity in the brain as well as how to classify and recognize some of 
its more gross components. Scientific advances in wave analysis in 
general have allowed application of known theory to brain wave measure- 
ment to the point that today, using a super-cooled magnetometer in a 
shielded environment, it is possible to detect brain x^ave activity 
without electrical contact with the scalp. 

A continuing limiting factor with respect to research in this 
area will be the cost of equipment required to do brain wave measure- 
ment. Another hindrance is the extended periods of time required to 
perform both the tests and subsequent evaluations of data acquired. 
Despite the limitations, the increasing effort in the field of brain 
wave research suggests that progress in the future will be swifter than 
it has been in the past. 



CHAPTER III 
METHODS AND PROCEDURES 

This experiment was designed to test the hypotheses that: (1) 
brain wave patterns would be different, depending whether the subjects 
were resting, solving problems, or under stress; and (2) that high and 
la., grade point average students would have differing brain wave 
patterns. The experiment required (1) the Identification of students 
to be evaluated, (2) the development of instruments to measure the data 
to be analyzed, (3) the establishment of testing procedures, (4) the 
determination of the form that treatments should take, and (5) the 
recording and analysis of data. 

This chapter describes the general design of the experiment, 
contains a description of the procedures followed in accomplishing the 
tasks enumerated above, includes a description of the subjects used in 
the experiment, and describes the gathering of the data and the pro- 
cedures used in analyzing the data. 

DESIGN OF THE EXPERIMENT 

After establishing the basic research hypotheses, it was 
determined that objective measurements and analyses would be facili- 
tated by insuring that all data to be observed and analyzed were of 
digital form. T!ie next step was to determine what types of treatments 
could lead to the generation of data suitable for hypotheses testing* 

After' treatments were determined, equipment was designed^and 
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procured that had as its end product easily read digital results, A 

neurologist evaluated volunteer subjeccs for neurological normalcy, 

and treatment application was performed during November, 1971, The 

final step was the computer analysis of brain wave generated data in 

accordance with the treatment by Winer as described in his **Multifactor 

42 

Experiments Having Repeated Measures on the same Element," 

DESCRIPTION OF SUBJECTS 

All senior midshipmen at the United States Naval Academy whose 
grade point average for the first three years was either between 3.50 
and 4,00 or between 2.00 and 2,25 were identified. Further differences 
between the two groups are presented below in Table 1 (extracted from 
Appendix C). . 



Table I 

DIFFERENCES BETWEEN HIGH AND LOW GROUPS 



College Board 


Mean 




Std. 


Dev. 






Examination Area 


High 


Low 


HiRh 


Low 


F 




Apt itude-Verba 1 


634.3 


566.5 


75.4 . 


48.0 


13.8 


P< .01 


Aptitude-Math 


697.6 


633.3 


47.4 


67.4 


14.6 


p< .01 


Achievement- 


611.1 


556.5 


72.7 


61.0 


7.9 


p<.01 


English Comp. 














Achievement-Math 


727.2 


620.0 


58.0 


54.9 


43.3 


P< .01 


Rank in HS Class 


650.0 


508.1 


96.4 


78.2 


31.4 


P<.01 
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B. J. Winer, Statistical Principles in Experimental Design 
(New York: McGraw-Hill Book Company, 1962), Chapter 7, pp, 298-312. 
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In accordance with standard procedures efforts were made to se- 
cure volunteers without undue pressure exerted on them to participate. 
Of the fifty-four men identified in the high group, twenty-eight volun- 
teered, and twenty- five of these t7ere deternined to be free of muscle 
artifacts. Of the 149 men identified in the low group, twenty-nine were 
accepted as volunteers and twenty-five of these were determined to be 
free of muscle artifacts. 

All testing was accomplished during the evening hours in an 

attempt to reduce the differences in EEG rhythms that would be due 

solely to the testing of individuals at various times during the 

43 

twenty-four hour day. All data from these tests appear in Appendix B; 



INSTRUMENTATION 

The entire instrumentation, with the exception of the sub-level 
circuitry, is graphically presented in Figure No. 1 on page 22. 

The following frequency ranges were established in measuring the 
dependent variable. Recording was limited to brain wave production at 
or greater than 10 microvolts: theta 4 to 8 Hz, alpha 8 to 13 Hz, and 
beta 13 to 30 Hz. The EEG measurements were taken from 01 to T3, based 
on the International Electrode Placement System. Filters were used to 
measure simultaneously all three theta-alpha-beta brain wave states. 
Inter-electrode resistance between 01 and T3 was below 10,000 ohms for 
all subjects to avoid contamination from spurious artifacts. 
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Gay Gaer Luce, Biological Rhythms in Human and Animal 
Fhvsiolcgy (New York: Dover Publications, 1971), p. 57. 
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Fig. 1 Equipment Configuration 



One channel of a model 79C Grass electroencephalograpa was used 
to pick up the brain vave signals. Gl was attached to 01, G2 was at- 
tached to T3, and a ground wire V7as placed in the middle of the fore- 
head to minimize sixty cycle current effects. The brain wave signals 
were then fed into a filtering system (see Figure 1) which first used 
analog filters to establish the general range of theta (4 to 8 Hz), 
alpha (8 to 13 Hz), and beta (13 to 30 Rz). These signals were next 
fed into individual digital filters for each channel, so that sub- 
sequent outputs were known to lie within limits accurate to plus or 
minus .05 Hz, The filtering system was adjusted in such a way that 
only those theta and/or alpha and/or beta brain wave signals at or 
higher than 10 microvolts (10 uv) would be passed. Thus, all measure- 
ments noted in this study should be understood to be vith reference 
to a 10 uv cut-off level, with theta-alpha-beta readings being at or 
above that level. 

When a theta-alpha-beta signal was at or above the 10 uv level a 
relay closed and upon this action a digital clock recorded the length 
of this period to within one-hundreth of a second. In parallel with 
this clock was a counter that recorded the initial closing of the 
relay. At the end of a treatment it was possible to know and record 
for each of the three brain wave states how many total seconds the wave 
had been at or above the 10 uv level, and also how many times the 
signal went above and below the 10 uv level. 

In addition, a fourth recording feature was added and it operated 
through the relays recording the other three brain 4 changes. When 
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all three waves were siruultanaously below zhe 10 uv level a fourth relay 
was closed and it in turn operated both a clock and a counter. These 
are referred to in this report as sub-level readings. 

TESTING PROCEDURES 

Upon arrival at the brain wave research laboratory each subject 
had explained to him what directions he was expected to follow. Using 
procedures recommended by 'the EEG manufacturer electrodes were attached 
and inter-electrode resistance checked to insure that impedance was less 
than 10,000 ohms. The subject was advised that questions they might 
have during the experiment vjould be answered at the end of the testing 
period. The subjects were read all further instructions in order to 
maintain uniformity. 

During treatments all wave forms were monitored on an oscillo- 
scope to detect muscle artifacts should they be present and thus permit 
invalidating a subjects record. At the end of each treatment applied 
to each subject, the digital clocks and counters were read and the data 
recorded. The equipment was then zeroed for the next treatment. 

In answer to the question most often asked - "How did I do?'' - 
the subjects were told that this was a group experiment and it was not 
possible to evaluate the data on any one subject until all data for all 
subjects had been gathered and analyzed. Each subject was thanked for 
his participation and, after he left, an equipment calibration check was 
run to insure that the equipment was still in calibration and ready for 
the next subject. 



The actual creatneuts vere fourceen minutes in length and the 
total time from start or the first treatment to completion of the last 
was seventeen minutes. The toral rime allowed for greeting the subject, 
hooking him up, application of treatments, questions and answers, and 
washing him off was fifty minutes. Five additional minutes were 
scheduled fox equipment calibration, and five minutes provided for the 
researcher to rest prior to the next subject's arrival. 



APPLICATION OF TREATMENTS 



Resting . Subjects were -seated in a reclining chair and asked 
to remain quiet, with their eyes closed. Treatment length was three 
minutes* 

Mathematics Problem . The subject was disconnected from the EEC 
and then shifted from the reclining chair to a desk-chair and then re- 
connected to the EEG. Problems presented to the subject for solution 
follow: 

1. If a car leaves Annapolis at 1545 heading for New York City 
at an average rate of 57 miles per hour, how far from its 
destination will it meet a car that left New York City the 
same day at 1515 that is heading for Annapolis at an average 
rate of 43 miles per hour. Assume that the distance between 
the two cities is 287 miles. 

2. If it takes 987 men 1435 days to build an aircraft carrier- 
how long will it take to build the same carrier if we are 
able to replace the slowest 17% of the men with, workers who 
can accomplish twice as much per unit hour worked. Assume 
253 working days per year and 8% hours per working day. 

3. A ship leaves Baltimore harbor at 0350 heading for San Diego- 
how far will it have gone after 242 hours assuming that it 
goes around the tip of South America an.d starts out at an 
average speed of 23 knots and increases that by 6% per day. 
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Treatment lengch was three minutes. 

Conceptual Problem . The subject ren^ained on the desk-chair. The 
working papers and writing instrument used in conjunction with the pre- 
vious treatment were taken away and in their place was substituted the 
pyramid puzzle illustrated in Figure 2 below, 

J T • 




Fig, 2 Conceptualization Equipment 



Subjects were instructed to try and accomplish the transfer of 
the pile of pieces from the number 1 peg to either of the other without 
moving more than one piece at a time and never putting a larger piece 
on a smaller one. They were advised that they could move the pieces 
back and forth on all three pegs as often as they wanted. The objective 
was to re-build the pyramid on either the number 2 or number 3 peg. 
Treatment length was three minutes. 

Cumulative Number Adding Problem . The subject retrained at tne 
desk-chair. Instructions were, given to the subject to add in his mind, 
'•without announcing the results, 1 plus 2 which gives 3." His next 



operation vas to "then add 3 to this total giving &; then add 4 to 
that total giving 10; then add 5 to chat total giving 15, and so on 
until told to stop/* Treatment length was three minutes. 

Color Stress , The subject remained at the desk-chair, and was 
shown a card on which were printed the names of various colors. The 
ink used to print each word was in a different color than that spelled 
by the letters of the word. For example, blue was written in green 
ink. The subject was asked to say out loud the color of the ink in 
which each word was printed. Treatment length was one minute. 

Syringe Stress . The subject reniained at the desk-chair. During 
the one minute duration of this treatment, the researcher (1) tied a 
restrictor around the arm of the subject, (2) cleared the air from a 
syringe, (3) cleaned the arm with alcohol, and (4) brought the syringe 
up to the subject's arm. The one minute period ended when the needle 
was approximately a half a centimeter away from the subject's skin. 

At this point the subject was told that the experiment was over 
for him and that he could ask questions. Electrodes were removed after 
all c Aestlons had been answered. 

RECORDING OF DATA 

At the end of each treatment, the digital data appearing on the 
clocks and counters were recorded on prepared data sheets. Key punch- 
ing of data was done after all subjects had been tested. Simple ANOVA 
analyses were performed on the computer at the United States Naval 
Academy. A repeated measures design was run by the Computer Science 



Center at the University of Maryland in the spring of 1972. 

This chapter has reviewed the general design of the experiment 
from (1) the initial ^^ecision to procure ecuiprr^ent which x^ould have 
easily read digital clocks and counters, through (2) determination of 
treatments to be used, to (3) the selection of subjects. Also included 
is the instrumentation configuration, testing procedures, application 
o£ treatments to subjects, and the recording of data. 

Because electrical and mechanical interface characteristics were 
thoroughly developed before any equipment was ordered or built, the 
construction and assembly of the brain wave research laboratory was 
accomplished without significant difficulty. 

The pre-evaluation of subjects for muscle artifacts proved 
necessary since close to 11% of the volunteers generated signals 
which would have interfered with the collection of uncontaminated 
brain wave signals. 

The importance of preliminary practice in application of 
treatments was emphasized so that the results obtained would not be 
biased by the researcher's shifting procedures from one subject to the 
next. 

'^uture experimenters would probably benefit by tape recording 
the brain wave signals for subsequent data reduction, thus permitting a 
smooth transition from one treatment to the next without the necessity 
of transcribing the results after each treatment. 



29 



PRESENTATION AND ANALYSIS OF FINDINGS 

This investigation was desisned to tc-t the hypotheses that brain 
wave patterns would be different, depending whether the subjects were 
resting, solving problems, or uncer stress. Collaterally^ it was hy- 
pothesized that high and lov7 grade point average student? -would have 
differing brain wave patterns. 

Brain wave measures were obtained for each of fifty subjects, 
twenty-five proven high achievers and twenty-five established as 
lower achievers, by administering to each of the subjects at individual 
txTnes the following treatments in the same sequence* 

^ 1. Resting 

Probleni Solving 

2. Mathematical 

3. Conceptualization 

4. Cumulative Number Adding 

Stress 

5. Color 

6 • Syringe 

Appropriate F statistics were computed to permit estimation of 
the statistical significance of the difference between i^.-^ans. A two 
dimensional repeated measures design with repetition on the A dimension 
only, following a Lindquist Type I design, was the approach taken for 
analysis of brain wave measures. This design enabled a comparison of 
means, both those between high and low achievers as well as among 
treatment means. The assumption of homogeneity of covariance was tested 
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and supported. The assumption of hon^ogeneity of equicovariance was 
tested and not supported, result ins in an adjusticent in the calculation 
of the F statistic relating variability a:«)ns the means of the six 
treatments, and significance of interaction relative to the difference 
between the variabilities within high and low. 

Because the assuisption of horiogeneity of equicovariance was not 
supported, a simple analysis of variance was calculated comparing neans 
among subjects for each treatment. Appendix C provides a summary of all 
simple ANOVA calculations that compared the means of highs against lows 
for all.' treatments. 

During each treatment, brain wave activity in the three ranges - 
theta (4 to 8 Hz), alpha (8 to 13 Hz), and beta (13 to 30 Hz) - were 
recorded when the brain wave signals reached or exceeded 10 microvolts 
in amplitude. The number of times during each treatment that the brain 
wave signals were at or above the 10 uv level were recorded on digital 
counters. The cumulative length of time to the nearest one-hundreth of 
a second that the brain wave signals were at 10 uv or more during each 
treatment was also recorded. Appendix A, in association with Appendix 
B, identifies the time and count data recorded during this study for all 
three theta-alpha-beta brain wave measurements. 

DATA RELATED TO THETA BRAIN WAVE MEASUREMENTS. 

The theta time mean scores and their associated standard devia- 
tions for the six treatments are presented in Table II on page 31. The 
display of the xnean figures to two places and standard deviations to one 



in this and subsequent presentations is done to simplify the task of 
reading the table. 

Table II 
THETA TIME MEAN SCORES 



High 

Low 

Total 









Con- 
















cep - 


Cum • 










Rest- 


Math 


tuai 


num 


Color 


Syringe 






ing 


Prob 


Prob 


Prob 


Stress 


Stress 


Total 


Mean 


103.58 


55,98 


^ 0 o 


52.17 


55.35 


47.79 


64.05 


S.D. 


29.5 


21.8 


17.9 


23.6 


20.7 


19.8 


29.5 


Mean 


87.46 


57.86 


73.88 


56.38 


65.31 


52.14 


65.50 




40.6 


20.4 


19.2 


31.1 


25.8 


21.9 


30.1 


Mean 


95.51 


56.92 


71.68 


5-^.27 


60.33 


49,97 




S.D. 


36.8 


21.4 


18.9 


28.0 


24.0 


21.3 





A Scheffe^ analysis indicating significance of difference between 
total treatment mean scores appears in Table III on page 32, Included 
in this table is a graphic representation of the laean score values. 
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TABLE III 
THETA TIME SCiiEFf'/ ANALYSIS 









Trc 


satnent 


T:.mo(in seconds) 












95 




s 


indicates p' 


.05 


1. 


Rest 


50 


\ 












85 


1 


vs 2,3,4 


S 




Problem Solvins: 


80 




1 


vs 5,6 


s 






75 




2 


,3,4 vs 5,6 - 




• 


Mathematical 


70 










3. 


Conceptualization 


65 








6 


4. 


Cumulative Number Adding 


60 






5 








55 






4 






Stress 


50 






3 S 


S 












2 S 




5. 


Color 




1 2 3 4 5 6 


1 


S S S S 


S 


6. 


Syringe 




(Treatment) 



The two dimensional repeated measures analysis for data recorded 
on the theta clock appears in Table IV ^n page 33. The Within 
Subjects F statistic of 39.22 indicates a significance at the .05 level 
with respect to variability among the means of the six treatments. This 
supports the hypothesis, with relation to theta time, that: "Brain wave 
patterns would be different, depending whether the subjects were rest- 
ing, solving problems, or under stress." A simple ANOVA comparing high 
and low groups for each treatment condition resulted in no significant 
differences* 



TA3LE IV 



THETA TIME REPEATED MEASURES ANALYSIS 



Source 
Anong Subjects 
B 

Subjects(s) 

Within Subjects 
A 
AB 
AS 
Total 



DF 

1 
48 



5 

5 

240 
299 



SS 

159.37 
103349.55 



70164.69 
5063.36 
85862.22 
265099.19 



MS 

159.37 
2163.53 



14032.94 
1012.67 
357.76 



F 

.07 



39.22 p<.05 
2.83 



The theta count mean scores and cheir associated standard 
deviations for the six treatments are shoxm in Table V below. 



TABLE V 
THETA COUNT MEAN SCORES 



High 



Low 









Con- 
















cep- 


Cum- 










Rest- 


Math 


tual 


num 


Color 


Syringe 






ing 


Prob 


Prob 


Prob 


Stress 


Stress 


Total 


Mean 


211.60 


365.00 


190.64 


153.08 


165.72 


144.48 


171.75 


S.D. 


35.2 


44.8 


23.9 


47.6 


40.5 


50.7 


47.4 


Mean 


185.48 


168.36 


195.28 


155.36 


177.84 


151.68 


172.50 


S.D. 


67.6 


36.7 


25.8 


62.2 


39.3 


46.5 


51.1 


Mean 


198.54 


166.68 


192.96 


154.72 


171.80 


148.08 




S.D. 


56.0 


41.4 


25.2 


56.0 


40.8 


49.2 





A Scheffe^ ana lysis indicating significance of difference between 
total treatment mean scores appears in Table VI on page 34. Included 
in this table is a graphic representation of the mean score values. 



I 



34 



TABLZ VI 

:heta coltct sci-ieffe'' analysis 



Trsatnignt Re-lay Closuires 

195 \ 




S indicates p<, 05 1, Rest 190 

1S5 \ 

1 vs 2,3,4 - S Problcn Solving ISO \ t 

1 vs 5,6 - S 175 \ / 

2,3,4 vs 5,6 - 2, Mathematical 170 \' 

3, Conceptualization 165 

_6 4, Cumulative Nunber Adding 160 

5 155 

4 Stress 150 
3 S 

2 S 5, Color 1 2 3 4 5 6 

is S S S 6, Syringe (Treatment) 



The two dimensional repeated measures analysis for data recorded 
on the theta counter can be found in Table VII on page 35. The Within 
Subjects F statistic of 17,86 indicates significance at the .05 level 
with respect to variability among the means of the six treatments. This 
further supports the hypothesis, with relation to theta count, that: 
\ "Brain wave patterns would be different, depending whether the subjects 

were resting, solving problems, or under stress," A simple ANOVA com- 
paring high and low groups for each treatment condition resulted in no 
significant differences. 
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TABL£ VII 

TH2TA COU^T REPEATED MEASURES ANALYSIS 



Source 
Among Subjects 
B 

Subjects(s) 

Within Subjects 
A 
AB 
AS 
Total 



DF 

1 

48 



5 

5 

240 
299 



SS 

41.75 
336521.75 



102135.62 
11515.12 
274441.00 
724655.25 



MS 

41.75 
7010.87 



20427.12 
2303.02 
1143.50 



F 

.01 



17.86 
2.01 



P<.05 



DATA RELATED TO ALFdA BRAIN WAVE MEASUREMENTS 

The alpha time mean scores and their associated standard 
deviations for the six treatments are presented in Table VIII below. 



TABLE VIII^ 



ALPHA TIME MEAN SCORES 









Con- 
















cep- 


Cum- 










Rest- 


Math 


tual 


nu!U 


Color 


Syringe 








Prob 


Prob 


Prob 


Stress 


Stress 


Total 


Mean 


160,20 


121,46 


127,21 


125,50 


117,03 


113,18 


127.43 


S.D. 


13.9 


17.6 


12,1 


23,6 


21.0 


21,0 


24.3 


Mean 


141,32 


120,80 


124,37 


117,55 


124,29 


113,67 


123.67 


S.D. 


33.3 


20.3 


19,4 


32.3 


20.7 


24.9 


27.3 


Mean 


■ 150.76 


121,13 


125.79 


121,53 


120,66 


113.42 




S.D. 


27.5 


19,2 


16,4 


28.9 


21.3 


23.3 





A Scheffe analysis indicating significance of difference between 
total treatment mean scores appears in Table IX below. Included in 
this table is a graphic representation of the n;ean score values. 

TABLE IX' 
ALPHA TIME SCHEFFE'^ANALYSIS 







Trestuient 


Time 


(in seconds) 
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The two dimensional repeated measures analysis for data recorded 
on the alpha clock appears in Table X on page 37, The Within Subjects 
F statistic of 31,40 indicates significance at the .05 level with re- 
spect to variability among the means of the six treatments. This fur- 
ther supports the hypothesis, with relation to alpha time, that: 
"Brain wave patterns would be different, depending whether the subjects 
were resting, solving problems, or under stress," 

A simple ANOVA comparing high and low groups for each treatment 
condition resulted in a significant P statistic for the resting treat- 
ment of 6.6 which is significant at the. 025 level, and is shown in 
Appendix C, A simple ANOVA comparing high and low groups for each of 
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the other five treatr.ent conclijions resulcec In no significant differ- 
ences . 

TABLE X 

ALPHA TIME REPZATED MEASURES ANALYSIS 



Source 
Among Subjects 
B 

Subjects(s) 

Within Subjects 
A 
AB 
AS 
Total 



DF 

1 

48 



3 

5 

240 
299 



SS 

1063.06 
87520.25 



42127.25 
4947.25 
'=4400.25 
200063.06 



MS 

1068.06 
1823.34 



8425.45 
989.45 
268.33 



.59 



31.40 
3.69 



p<.05 



The alpha count mean scores and their associated standard 
deviations for the six treatments are shovm in Table XI below. 

TABLE XI 



ALPHA COUNT MEAN SCORES 











Con- 


















cep- 


Cum- 












Rest- 


Math 


tual 


num 


Color 


Syringe 








ing 


Prob 


Prob 


Prob 


Stress 


Stress 


Total 


High 


Mean 


120.08 


300.60 


305.88 


255.76 


305.40 


281.64 


261.56 


S.D. 


54.7 


28.7 


22.3 


59.7 


30.3 


33.0 


77.4 


Low 


Mean 


176.92 


303.28 


S07.12 


263.00 


304.44 


289.56 


274.05 


S.D. 


96.4 


30.1 


18.4 


78.8 


42.9 


41.4 


74.9 


Total 


Mean 


148.50 


301.94 


306.50 


259.38 


304.92 


285.60 






S.D. 


84.2 


29.7 


25.8 


70.7 


37.4 


38.1 





A Scheffe' analysis indicating significance of difference between 
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total treatment iztan scores appears in Table XII below. Included iii 
this table is a graphic representation of the mean score values. 



TABLE XII 
ALPHA COUNT SCKEFFz' ANALYSIS 
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The two dimensioral repeated measures analysis for data recorded 

4 

on the alpha counter can be found in Table XIII on page 39. The Within 
Subjects F statistic of 84.70 indicates significance at the 
.05 level with respect to variability among the means of the six treat- 
ments. This further supports the hypothesis, with relation to alpha 
count, that: "Brain wave patterns would be different, depending whether 
the subjects were resting, solving problems, or under stress." 

A simple ANOVA comparing high and low groups for each treatment 
condition resulted in a significant F statistic for the resting treat- 
ment of 6.3 which is significant at the .025 level, and is shown in 
Appendix C. A simple ANOVA comparing high and low groups for each of 



the other five treatment condizicas resulted in no significant differ- 



ences. 



TABLE XIII 
ALP.iA COUNT REPEATED MEASURES ANALYSIS 



Source DF SS KS F 
Among Subjects 

' B 1 11705.25 ' 11705.25 ' 2,37 

Subjects (s) 48 237217.75 4942.04 

Within Subjects 

A 5 933067.25 186613.45 84.70 p<.05 

AB 5 3C23S.25 6047.65 2.74 

AS- 240 528787.50 2203.28 

Total 299 1741017.00 



DATA RELATED TO BETA BRAIN WAVE MEASUREMENTS 

The beta time mean scores and their associated standard deviations 
for the six treatments can be found in Table XIV below. 

TABLE XIV 
BETA TIME MEAN SCORES 







Rest- 
ing 


Math 
Prob 


Con- 
cep- 
tual 
Prob 


Cum- 

num 

Prob 


Color 
Stress 


Syringe 
Stress 


Total 


High 


Mean 
S.D. 


58.57 
21.5 


117.32 
27.9 


119.26 
25.4 


89.50 
34.6 


115.56 
32.7 


93.87 
35.7 


99.01 
37.1 


Low 


Mean 
S.D. 


47.54 
17.6 


119.04 
30.1 


120.01 
31.6 


91.09 
34.1 


132.45 
27.6 


105.28 
30.9 


102.57 
40.4 


Total 


Mean 
S.D. 


53.05 
20.6 


118.18 
29.4 


119.64 
29.0 


90.30 
34.7 


124.00 
31.8 


99.57 
34.3 
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A Schef fa" cnalysis indicating significance of difference betv/een 
total treatment mean scores appears in Table XV below. Included" in 
this table is a graphic represent<:tion of the mean score values. 

TABLE XV 
BETA TIME SCKEFFe"^ ANALYSIS 



S indicates p<,05 

1 vs 2,3,4 - S 
1 vs 5,6 - S 
2,3,4 vs 5,6 - 

6 

1 s 
_3 S S 

2 s s 
1 s s s s s 



The twp dimensional repeated nieasures analysis for data recorded 
on the beta clock is presented in Table XVI on page 41. The Within 
Subjects F statistic of 70.47 indicates significance at the .05 level 
viiii respect to variability among the means of the six treatments. 
This further supports the hypothesis, vith relation to beta time, that: 
"Brain vave patterns would be different, depending whether the subjects 
were resting, solving problems, or under stress." A sinple ANOVA 
comparing high and low groups for each treatment condition resulted 
in no significant differences. 



1. Rest 

ProbleiT; Solving 

2. Matheniatical 

3 . Conceptua lizat ion 

4. Cumulative Number adding 

Scress 



Time (in seconds) 
135 
125 
115 
105 
95 
85 
75 
65 

55 / 
45 




5. Color 

6. Syringe 



1 2 3 4 5 6 
(Treatment) 
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TA3LZ XVI 

BETA TIME REP2.-.r£D ^CASURES ANALYSIS 



Source 
Among Subjects 
B 

Subjects(s) 

Within Subjects 
A 
AB 
AS 
Total 



DF 

1 
48 



5 
5 

240 
299 



SS 

952.22 
141539.31 



175344.50 
5S37.C9 
12215S.56 
449S32.19 



MS 

952.22 
2948.75 



3586S.90 
1167.42 
508.99 



F 

.32 

70.47 p<.G5 
2.29 



The beta count mean scores and their associated standard 
deviations for the six treatments appear in Table XVII below. 

TABLE XVII 
BETA COUNT MEAN SCORES 



Low 









Con- 
















cep- 


Cum 










Rest- 


Math 


tual 


nun 


Color 


Syringe 






ins 


Prob 


Prob 


Prob 


Stress 


Stress 


Total 


Mean 


365.20 


430.04 


449.56 


427.^0 


41S.20 


398.16 


414.75 


S.D. 


84.4 


66.5 


61.8 


93.4 


98.1 


99.9 


89.8 


Mean 


325.60 


420,16 


412.52 


427.28 


360.72 


427.08 


395.56 


S.D. 


87.4 


82.5 


79.3 


78.7 


94.2 


80.4 


92.7 


]_ Mean 


345.40 


425.10 


431.04 


427.34 


389.44 


412.62 




S.D. 


89.1 


75.9 


74.2 


87.3 


101.4 


92.8 





A Scheffe analysis indicating significance of difference betx^een 
total treatment mean scores appears in Table XVIII on page 42, Included 
in this table is a graphic representation of the mean score Vislues. 
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The t\70 dimensional repeated measures analysis for data recorded 
on the beta counter is shown in Table XIX on page 43, The Within 
Subjects F statistic of S.08 indicates significance at the .05 level 
with respecl to variability among the means of the six treatments. This 
further supports the hypothesis, winh relation to beta count, that: 
"Brain wave patterns would be different, depending whether the subjects 
were resting, solving problems, or under stress." 

A simple ANOVA comparing high and low groups for each treatment 
condition resulted in a significant F statistic for the color stress 
treatment of 4.3 which is significant at the .05 level, and is shown in 
Appendix C. A simple ANOVA comparing high and low groups for each of 
the other five treatment conditions resulted in no significant differ- 
ences . 



Source BF SS MS F 
Araong Subjects 

B 1 27629.00 27629.00 2.43 

Subjects(s) 48 534819.50 11142.07 

Within Subjects 

A ' 5 271663.00 5^333.50 8.08 p(.05 

A3 5 62033 . 50 12407. 70 1. 84 

AS 21C 1614501.50 6727.09 

Total 299 2510656.50 



DATA RELATED TO SUB-LEVEL BRAIN WAVE yiEASUREXENTS 



The equipnient vjas V7ired in such a vay that, when none of the 
three brain waves produced by the subject were at or above the lOuv 
level, a fourth clock and separate counter tabulated the duration and 
extent of this state. The statistical analysis of this data is pre- 
sented for completeness in reporting; however, conclusions from the 
analyses of these findings should be cautiously considered until such 
time as further research fully indicates their significance. 

The sub-level time mean scores and their associated standard 
deviations for the six treatments are presented in Table XX on page 44. 



T..3L£ MX 
SU3-LEVi:L 1 :-ZAX SCCIZS 







Xath 


tUiil 
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Cu:-- 
r.uni 
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Color 
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St:ress 


Total 




12. 21 


22.^3 


I'M 3 


29.81 


24.42 


3^'. 12 


2o. JO 


S.D. 


12.1 


14.7 


9.4 


20.6 


19.2 


23.4 


13.8 


Mean 
S.D. 


26. A5 
30.5 


22.35 
17.1 ■ 


ia.:-3 

15.9 


3-. 24 
27.3 


16.6^ 
17.1 


30.03 
24.6 


2A.75 
23.7 


Mean 


15.33 


22.42 


17.93 


32.03 


20.53 


32.07 





S.D. 24.5 16.1 13.2 24.5 13.7 24.4 



A Scheffe analysis indicating significance of difference between 
total treatment aiean scores a,ppears in Table XXI below. Included in 
this table is a graphic representation of the mean score values. 



TABLE XXI 

SUB-LEVEL TIME SCKEFFe" ANALYSIS 

( 

Treatment Time (in seconds) 
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The tvo dimensional repeated r/.casures analysis lor data recorded 
on the sub-level clock -Ls presented in Tc:jle XXII belov. The Wi'chin 
Subjects 7 statistic of S.C3 indicates significance ac the .05 level 
with respect to variab^liuy a:..jn^ the n^.eans of the si>: treatments. This 
may further support the hypothesib, with relation to sub-level time, 
that: "Brain wave patterns would be different, depending whether the 
subjects -were resting, solving problems, or under stress.'* 

A simple AXGVA comparing high and low grcips for each treatment 
condition resulted in a significant F statistic for the resting treat- 
r^ent of 4.5 which is significant at the .05 level, and is shoTO in 
Appendix C. A simple ANOVA comparing high and low groups for each of 
the other five treatment conditions resulted in no significant differ- 
ences. 



TABLE XXII 

SUB-LEVEL TIME REPEATED MEASURES ANALYSIS 



Source 


DF 


SS 


MS 


F 


Among Subjects 










B 


1 


145.40 


145.40 


.11 


Subjects(s) 


48 


62060.00 


1292.92 




Within Subjects 










A 


5 


10110.87 


2022,17 


8.03 p<.05 


x\B 


5 


3637.75 


727.55 


2.89 


AS 


240 


60437.11 


251.82 




Total 


299 


136391.14 






The sub -level 


count mean 


scores and 


their associated 


standard 



deviations for the six treatments are in Table XXIII on page 46. 



SUB-LZVEL COUNT MEAN SCORES 
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Stress 


Total 








133.40 


207.60 


214.08 


246.96 


190.99 


S.D. 


51.8 


89.0 


62.2 


75.2 


97.2 


129.3 


102.2 


Mean 


132.32 


206.43 


l■'i.^6 


220.00 


165.^8 


219.60 


186.41 


S.D. 


91.3 


93.7 


82.3 


106.1 


96.6 


117.3 


98.9 


Mean 


107 . 90 


208.^6 


178 18 


213.80 


189.78 


233.28 




S.D. 


79.0 


92.3 


73.8 


93.1 


101.0 


112.3 





A Scheffe analysis irdicating significance of difference between 
total treatment mean srores appears in Table XXIV below. Included in 
this table is a graphic representation of the mean score values. 

TABLE XXIV 
SUB-LEVEL COUNT SCHEFFE ANALYSIS 
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The two diniensional repeated necsures analysis for daca recorded 
on the sub-level counter is shovm in Table XXV belov* The Within 
Subjects F statistic of 19.16 indicates significance at the .05 level 
with respect to variabilicy among the means of the six treatments. This 
may further support the hypothesis, vjith relation to sub-level count, 
that: "Brain wave pajnerns v:ould be different, depending whether the 
subjects were renting, solving problenis, or under stress/' 

A simple AaOVA coniparing high and low groups for each treatir*ent 
condition resulted in a significant F statistic for the resting treat- 
ment of 5*2 which is significant at the .05 level, and is shown in 
Appendix C. A simple ANOVA comparing high and low groups for each of 
the other five treatment conditions resulted in no significant differ- 
ences. 



TABLE XXV 

SUB-LEVEL COmsfT REPEATED MEASURES ANALYSIS 



Source 


DF 


SS 


MS 


F 


Among Subjects 










B 


1 


1577.37 


1577.87 


.06 


Subjects (s) 


48 


1254193.87 


26129.04 




Within Subjects 










A 


5 


481606.37 


96321.27 


19.16 p<.05 


AB ■ 


5 


70215.37 


14043.07 


2.79 


AS 


240 


1206779.62 


5028.25 




Total 


299 


3014373.12 







SUMI-IARY OF FINDINGS 



The two dimensional repeated measures analysis of data recorded 
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Jor eil traatnient ccr.dicions indicaw^d si^niilcarxe £:t: the ,05 level 
with respeci: to variability air.ons r:.3ans of the six rreatmcr.cs • This 
supports the hypochasis, wich rel^^ion to thcua-alpha-beta cine and 
count, thau: "Brain v;ava pacrerns v;ould be different, dependir.^ wheth- 
er the subjects vjere resting, solving problems, or under stress/* 

The simple aNOvA analyses cocparing high and low groups for each 
treatment condition involved forcy-eighL calculations. Four of the 
eight calculations involved in the resting treatment indicated sig- 
nificance at the .05 level. These four were the time and count analyses 
for alpha and sub- level readings. Of the remaining forty ANOVA calcula- 
tions only the one dealing with beta count during the color stress 
treatment was significant: (p .05). Thus, oz forty-eight simple ANOVA 
analyses only five were significant at the ,05 level. Since only 10.4%. 
of the calculations are significant, a figure closely approaching chance, 
it is not possible to conclude that: "High and low grade point average 
students v;ould have differ^.ig brain wave patterns." 
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SU>:i-\RY AXD SUGGESTIONS FOR FUTURE RESEARCH 
SuMl-lARY OF STUDY 

HvpOLheses and Subjects . This study investigated the hypotheses 
that (1) brain wave patterns v7ould significantly differ depending on 
v;aether the subjects were resting, solving problems, or under stress 
and that (2) high and lov7 grade point average students would have dif- 
fering brain wave patterns. The subjects x^ere senior midshipmen at the 
Uaited States Xaval Academy. The high group was comprised of those 
whose cumulative grade point average was becvjeen 3. 50 and 4.00; che low 
group was comprised of those whose cumulative grade point average was 
between 2.00 and 2.25. 

Experimental Treatmani: and Instrumentation . The study involved 
the application of six different treatments over. a seventeen minute to- 
tal te:iting time. Brain measurements were recorded as the subjects 
were: (1) resting, (2) working a mathematics problem, (3) working a 
conceptualization problem, (4) doing cumulative number adding, (5) 
reactirg to stress introduced into a reading exercise, and (6) reacting 
to stress induced by preparing to have blood drawn from their aru. An 
EEG was used to detect brain waves in the dependent variable. The am- 
plified brain wave signal was then simultaneously separated into its 
theta-alpha-beta brain wave components. The amount of time spent in 
each brain wave state above a predetermined level during each treatment 
was recorded, as well as the number of times the brain wave signal went 
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above and belcv iilie prajcribed thj-eohold. 

' - r'^' ^--r^ s , Sin^c si>: c--.fferenr jreatn;ent:s v;urwi ap- 
plied, a tv;o dimenLiional repeated z-^asures design vas erapioyed in rec- 
ognition of zhe effect each ureatrr^ent rr*ight have on those that followed. 
This approach allowed for zhe anaiyi^is of the significance of the dif- 
ference between treatment means in light of the interrelationship be- 
tween treatment applications. 

Because the assumption of homogeneity of equicovariance was not 
supported, a sirr.pln analysis of variance vas calculated coraparing u.eans 
among subjects for each treatment . 

FINDI^^JS 

With respect to the fifty students tested, this scudy has found 
that there are significant differences in brain wave patterns- depend- 
ing \(7hether subjects are resting, solving problems, or under stress. 
This result confirms findings by others that techniques exist for meas- 
uring brain xjave activity which are capable of differentiating between 
soma behaviors (treatments). ^ ^> 

This project also attempted to determine whether significant 
differences exist between high and low grade point average students 
with respect to the production of brain waves during resting, problem 
solving, and stress treatments. Only five (10.47a) of the forty-eight 
ANOVA comparisons made to determine whether differences existed were 
significant at the .05 level; this result could be explained to occur 
by chance. The use of a stratified random sample as well as the 
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possible uniqueness of uhe subjac-s .;.itigaiuc a^ainsti applying a 
liberal interpretation to the s:i 2,nif icance of the data analyzed in 
this research. 

COaCLUSICaS Alsj IMPLICATIONS 

The first hypothesis of this suudy was uhai: differing creat- 
ments (resting, solving probler:»s, or under stress) vjoulc produce 
significantly different brain waves for all subjects. X-Jithin the 
assumptions and limitations listed in Chapter I, this hypothesis vras 
supported V7ith all statistical evaluations being significant at the 
.05 level. 

The utility of establishing that differing treatments produce 
significantly different brain waves may well be that a method • ' auto- 
matically detecting sonie behavior (i.e., treatment) changes can be 
developed. An extension of this concept is the possibility that student 
shifts from problem solving to resting may be detected in such a way as 
to alert the student that^ in fact, he is no longer paying attention 
to his studies. 

Another implication of this detection capability is that future 
researchers may be able to more accurately determine the attention 
given by subjects to various tasks they are performing as part of a 
study. 

The second hypothesis was that identical treatments applied to 

I 

students who had high and low grade point averages would result in the 
production of statistically significant differences in their brain wave 
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pac'cerns. This hypothesis is r.o;: supported by the statistical findings 
because only 10.4% of the ev::luctions vera found to be significant and 
this could have occurred by chance. Hcv:ever, it can noc be concluded 
fro:n the results of this szudy ihat there are not differences between 
high and low. This aspecc of the study u^y have been influenced by the 
fact uhat the subjects generally fell V7ithin the uop 307. of their high 
school graduating class. Thus, aljhou^^h high and low groups V7ere used, 
even the bottom group could be much higher in its academic potential 
than the rest of the population. 

The study has provided further evidence of the capability that 
exists to measure brain vraves in a way which will permit comparisons 
between groups. Before results can be operationally relied upon it 
will be necessary to conduct further research with nore heterogeneous 
groups. In addition, it will be necessary to increase sample size so 
that results can be related to groups ocher than the one studied. 

SUGGESTIONS FOR FUTURE RESEARCH 

The folloxving questions generated by the findings of this study 
deserve further research effort: 

(1) Do the results of this study hold up for other groups? 

(2) Does a significant difference in brain wave patterns exist 
between high and low academic achievers with relation to the general 
population? 

(3) Does the cost of measuring brain wave differences justify 
the expense ^nd provide more useful information than is already avall^ 
able with paper and pencil tests? 
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(4) Is t:.-r3 a rc^l^zionship bcf^reen tz/.^za-alpha-bcta brain 
waves c .w. scoret; on pjycholoc^ical trusts? 

(5) Is ch^re a dirjcrence in br^in vave patterns between crea- 
tive and non-creat:;-ve persons? 

(6) Do parancs and their children shov similar brain wave 
patterns within the sa-.z type of i:re^t/--nc situations? 

(7) Does the very act of brain wave measurement have more or 
less effect on the results than i:he act of a person taking a paper 
and pencil test? 



DATA COLLECTION SHEET 
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DATA COLLZCl' ION SliHi- J 
Name Dace Stuceni: Ider.uif ication 

Test V 



1 - Cumulative g-^^*^ poinz avera^a after six full semesters (QPR) 

2 - V^rba"' aptic^de CZE3 score 

3 - MatheiTiatics aptizude C££3 score 

4 - English compcc ition achievement CZZ3 score 

5 - Mathematics achievement CEED score 

6 - Rank in high school class (convorucd no a 20G-SCC score) 

7 - High school recommendauion score Cconverted to a 200-800 score) 

8 - High school extra-curricular activities score (converted to a 

200-800 score) 

9 - USNA whole man multiple score 

10 - Plebe score on the Cornell Word From Test QnT 2 

11 - The number 5 indicates that rhe person does suffer from hay fever, 

the number 15 indicates the person does not suffer from hay fever 

12 - The number 5 indicates that the person is left handed, the number 

15 indicates that the person is ri^^ht handed 

Brain Wave Analysis 

3 minute s resting 3 minutes mathematics problem 

Count Time Count 



theta Test 13 Test 14 

alpha Test 15 Test 13 

beta Tnsu 17 Test 18 

sub-level Tesc 19 Test 20 
(Treatment #1) 



theta Test 21 Test 22 

alpha Test 23 Test 24 

beta Test 25 Test 26 

sub-level Test 27 Test 28 
(Treatment #2) 



56 



3 \Tl.^vm<. cc.':ccz'x:_j 



sub-levai Tdst 35 Test 3c 
(Treatment if2) 



z:.^:c. Tc3t 37 

6u3-l^vci Tasn 43 



Ic3t ^0 

Test 42 



T.mute CO ^or 



syrl/':a .stress tost(''0 



uhctj: Tesr 45 

alpha Test ^1 

beta Test 49 

sub-level Test 51 
(Treatment #5) 



J. L O 

Test 4S 
Tesr 50 
Tesr 52 



thcta 
::ipha 
bera 

sub- level 

(Treatment ?r6) 



v.,our»t 



Test 53 Test 54 

Test 55 Test 56 

Test 57 Test 53 

Test 59 Tesi: 60 



Totral time under scress(5&.o) 



Total problem solving; time(2oc3<Sc4) 





Time 




Count 




Time 




Count 


theta 


Tesi: 


51 


Test 62 


theca 


Test 


69 


Test 70 


alpha 


Test 


63 


Test 64 


alpha 


Test 


71 


Test 72 


beta 


Test 


65 


Test 66 


beta 


Test 


73 


Test 74 


sub- level 


Test 


67 


Test 68 


sub- level 


Test 


75 


Test 76 



An - indicates that these figures were multiplied by a factor of three 
vhen he analysis for repeated measures design vas done so- that all data 
would be in 3 minute increments. 

All measurements in treta-alpha-beta were at the 10 microvolt level 
with sub-level clmes and counts indicating the amounts of these factors 
when none of the incee states were above the 10 microvolt level. 

All measur-emants were taken between 01 and T3 with a ground wire at the 
middle of uhe forehead. (Gl placed at 01, and G2 at T3). These 
locations are in accordance with the International Electrode placement 
system. 
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APPZNDIX B 



RAW SCORES FOR TEST NOS. 1 THROUGH 76 

t 



5S 



Taoie 



Bl 


Test 


Xos. 


*^ 
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o . 


B2 


n _ ^ 


Nos . 


7 


- 


12 . 


B3 


Test 


ICos . 




- 




B4 


Test 


Xos. 


19 




24 . 


35 


Test 


Xos. 


25 




30 . 


B5 


1 t. 


Xos. 


31 




36 . 


B7 


Test 


Xos. 


37 




42 . 


BS 


Test 


Nos. 


43 




48 . 


B9 


Test 


Nos. 


49 




54 . 


BiO 


Test 


Nos. 


55 




60 . 


Bll 


Test 


Xos. 


51 




66 . 


B12 


Test 


Xos. 


57 




72 . 


B13 


Test 


Nos. 


73 




76 . 



59 
60 
61 
62 
63 
54 
65 
66 
57 
68 
69 
70 
71 



The sequence of subject data presentation is determined by the 
individual's cumulative grade point average. The first score is that 
of the man with the highest cumulative grade point average (QPR) and 
the next twenty- four scores are in descending order of QPR for the 
rest of the high group. The twenty-sixth score is that individual 
with the highest QPR in the low group and the fiftieth sccre belongs 
to the man V7ith the lowest QPR in the low group. 
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